There is a surge in chronic diseases in the developing world, driven by a high prevalence of cardio-metabolic risk factors. This study described differences in prevalence of obesity and cardio-metabolic risk factors between urban and rural settlements in the Ashanti Region of Ghana. This comparative cross-sectional study included 672 participants (median age 50 years), of which 312 were from Kumasi (urban) and 360 from Jachie-Pramso (rural). Demographic, anthropometric and other cardio-metabolic risk factors were gathered and venous blood samples were drawn for biochemical assays. Results suggested significant differences in diastolic blood pressure (80.0 mmHg vs 79.5 mmHg; p = 0.0078), and fasting blood sugar (5.0 mmo/l vs 4.5 mmol/l; p < 0.0001) between the two groups. Further differences in anthropometric measures suggested greater adiposity amongst participants in the urban area. Participants in the urban area were more likely than rural participants, to have high total cholesterol and LDL-c (p < 0.0001 respectively). Risk factors including BMI 25 (p < 0.0001), BMI 30 (p < 0.0001), high waist circumference (p < 0.0001), high waist-toheight ratio (p < 0.0001) and alcohol consumption (p = 0.0186) were more prevalent amongst participants in the urban area. Markers of adiposity were higher amongst females than males in both areas (p < 0.05). In the urban area, hypertension, diabetes and lifestyle risk factors were more prevalent amongst males than females. Differences in risk factors by urban / rural residence remained significant after adjusting for gender and age. Obesity and cardio-metabolic risk factors are more prevalent amongst urban settlers, highlighting an urgent need to avert the rise of diet and lifestyle-related chronic diseases.
Introduction
were selected at random and 16 households selected at random from each neighbourhood. We selected at least one (1) eligible participant from each household. Due to the relatively smaller size of Jachie-Pramso, we visited about 80 households at random and eligible participants in each household were recruited. The sample size from each community was deemed representative of the apparently healthy population in both communities.
An interview-based questionnaire was designed in the English language but translated into the local dialects (mainly Twi), where appropriate. The questionnaire gathered information on socio-demographic and cardio-metabolic risk factors. Sample questionnaires were pre-tested before commencement of the study.
Participants with prior history of hypertension, diabetes or coronary heart disease were excluded. Documented evidence of treatment related to such conditions in previously diagnosed persons, also constituted exclusion from the study. We excluded pregnant and lactating women as well as physically and mentally disabled individuals.
Biochemical Assays
After observing an overnight fast (12-14 hours), about 6 ml venous blood sample was taken from each participant into fluoride oxalate and serum separator tubes (about 3 ml each). Blood samples were centrifuged within 2 hours at 500 g for 15 min.
Plasma glucose levels were determined using the glucose oxidase method. Serum lipid levels; total cholesterol (TC), triglycerides (TG) and HDL-cholesterol (HDL-c) were determined by enzymatic methods on the Selectra Pro "S" System (Elitech Clinical Systems Elitech Group). LDL-cholesterol (LDL-c) was calculated using the Friedwald's formula [25] .
Dyslipidemia was defined as TC 5.20 mmol/l, HDL-c < 1.04 mmol/l, LDL-c 3.38 mmol/l TG 1.71 mmol/l and TC/HDL-c ratio 5 as per the United States National Cholesterol Education Program, Adult Treatment Panel (NCEP-ATP) III guidelines [26] . Diabetes was defined as fasting blood sugar (FBS) of 7.0 mmol/l [27] .
Anthropometric measurements
Body weight (to the nearest 0.1 Kg) in light clothing was measured with a mechanical scale (Hospibrand ZT-120, England). Height (to the nearest 0.1 cm) without shoes was measured with a commercial stadiometer (SECA, Germany).
The body mass index (BMI) was calculated using the formula; weight (Kg) / height (m2). Waist circumference (WC) (to the nearest 0.1 cm) was measured using a measuring tape (Gay Mills, WI), midpoint between the last palpable rib and the suprailiac crest, with the subjects standing and breathing normally [28] . The hip circumference (HC) was measured at the outermost points of the greater trochanters [29] . The waist and hip circumferences were measured with the tape parallel to the floor. The waist-to-hip ratio (WHR) was calculated using the formula; WC (cm) / HC (cm). The waist-to-height ratio (WHtR) was calculated using the formula; WC (cm) / height (cm).
Overall obesity was defined as a BMI of 30 Kg/m2 and obesity class I, II and III as a BMI of 30-34.9, 35-39.9 and 40 Kg/m2 respectively [30] . Abdominal obesity was defined as a waist circumference of > 94 cm in men or > 80 cm in women [30] . The cut off point for waistto-hip ratio was 0.90 cm for men and 0.85 cm for women [30] and that of WHtR for both sexes was 0.50 [31] . Percentage body fat (BF%) was estimated using the following formula [32] ; Adult body fat% = (1.20 × BMI) +(0.23 × Age)-(10.8 × sex) -5.4. The cut-offs for BF% for men and women were 25% and 30%, respectively [33] .
Blood pressure
Trained personnel measured the blood pressure of participants in accordance with recommendations of the American Heart Association [34] . The measurements were repeated after a minimum of 20 minutes [28] and mean values of duplicate measurements were recorded as the blood pressure. Hypertension was defined as a systolic blood pressure of 140 mmHg and/or diastolic blood pressure was 90 mmHg on two occasions, after initial screening (also with newly detected cases) [28, 35] .
Occupation
Occupational data gathered included a vast majority of jobs and these were classified as formal and informal based on set criteria. "Formal" jobs were defined as that which encompasses all jobs with normal hours, regular wages and are recognized as income sources on which income taxes must be paid. Any such contrary to this was classified as "informal".
Type of family
Participants who lived alone in their homes were categorized as "individual", whiles those who lived with their immediate nuclear family (mother, father and children) were categorized as "nuclear" and those who lived with other family dependents (uncles, grandparents and inlaws) were categorized as living with "extended" families.
Statistical methods
Data was analysed using MedCalc, version 12.7 and GraphPad Prism version 5.0. Continuous variables were expressed as medians and interquartile ranges (IQR). Categorical variables were expressed as frequencies and proportions. As continuous variables were not normally distributed, a non-parametric tests, the Mann-Whitney test (Rank sum test) was used to compare medians. The Chi-square or Fisher's test was used to compare categorical variables as appropriate. Multivariate logistic regression was used to calculate the odds ratio describing the association of cardio-metabolic risk factors with urban residence, adjusted for age and gender. Spearman's rho (Rank) correlation was used to determine the associations between various variables within each population group. Findings were considered statistically significant when p < 0.05. Table 1 shows the socio-demographic characteristics of the study population. Median age was 50 years and there was no significant difference in age distributions between participants in the urban and rural areas. The majority (62.5%) of families lived in the nuclear family system with a majority average income of GHS 500 (60.7%). There were significant differences between urban and rural participants with respect to gender distribution (p = 0.0004), marital status (p < 0.0001), employment (p < 0.0001), education (p < 0.0001), average income (p < 0.0001), type of family (p < 0.0001), and alcohol intake (p = 0.0186).
Ethical consideration

Results
As seen in Table 2 , participants in the urban area had significantly higher measures of all selected anthropometric variables (p < 0.05), except for SBP (p > 0.05). Participants in the urban area had significantly higher levels of serum cholesterol and LDLc than that observed amongst participants in the rural area (p < 0.0001 respectively). This was however not true for serum triglyceride levels, as that of the urban participants was lower than that observed in rural participants (p < 0.0001). [ Table 3 ]
In Table 4 , we compare selected cardio-metabolic risk factors by settlement (rural or urban). Participants in the urban area were more likely than rural residents, to have a high total cholesterol and LDL-c (p < 0.0001 respectively). There were more participants in the urban area with BMI 25 (p < 0.0001) and BMI 30 (p < 0.0001), high WC (p < 0.0001), high WHtR (p < 0.0001) and who consumed alcohol (p = 0.0186) than there was in the rural area, suggesting differences in adiposity between the two areas.
After adjusting for gender and age, differences in cardio-metabolic risk factors between participants in the two areas remained significant, with participants in the urban area more likely to have cardio-metabolic risk factors. [ Table 5 ]
The selected cardio-metabolic risk factors are further stratified by gender in Table 6 , Male participants in the urban area were significantly more likely to have cardio-metabolic risk factors (total cholesterol, LDL-c, HDL-c, BMI 25, WC, WHtR) than male participants in the rural area. Similarly, there were significantly more female participants in the urban area with high cholesterol, BMI 25, BMI 30, high waist circumference and high WHtR than there was in the rural area. In the rural area, low HDL-c (p < 0.001), BMI 25 (p < 0.05), BMI 30 (p < 0.0001), high WC (p < 0.0001) high WHtR (p < 0.05) and physical inactivity (p < 0.001) were more prevalent amongst females than their corresponding males. [ Table 6 ]
Of those in the urban area, there were more females than males with a BMI 25 (p < 0.0001), overall obesity (p < 0.0001), high WC (p < 0.0001) and high WHtR (p < 0.01). There were however more males than females with hypertension (p < 0.001), type II diabetes (p < 0.01), LDL-c (p < 0.0001), a smoking habit (p < 0.001) and who consumed alcohol (p < 0.05). [ Table 6 ] For participants in both the urban and rural areas, there was a significant positive correlation between SBP and DBP, between blood pressure (SBP and DBP) and BF% and so was BMI Table 4 . Cardio-metabolic risk factors amongst study population stratified by type of community.
Risk factors
Total (n = 672) n (%) Rural (n = 360) n (%) Urban (n = 312) n (%) p-value with WC, WHR, BF%, cholesterol and LDL-c. Similarly, waist circumference correlated positively with WHR, WHtR, BF%, cholesterol and LDL-c and so was cholesterol with triglycerides and LDL-c, in both areas. WHR showed a significant positive association with BF% in both areas but with WHtR only in the rural community and with cholesterol and LDL-c in the urban community. A positive association was observed between FBS and blood pressure (SBP and DBP) in the urban area but with only DBP in the rural area. LDL-c showed a significant positive association with triglycerides and BF%, amongst participants in the urban area.
[ Table 7 ]
Discussion
As urbanization continues to reach many communities in Ghana, there is a possible risk of a change in lifestyle. This may result in changes cardio-metabolic risk factors, which may reduce the quality of life and increase the rates of premature deaths. In this study, we described the differences in prevalence of obesity and cardio-metabolic risk factors, in study participants residing in urban and rural settlements. Results showed that indices of obesity (BMI, WC, HC, WHR, WHtR, and BF%) were higher in urban residents. Similarly, other cardio-metabolic markers (DBP, FBS, total cholesterol and LDL-c) and unhealthy lifestyle practices like alcohol consumption were higher amongst urban residents. Cardio-metabolic risk factors were Table 6 . Cardio-metabolic risk factors amongst study population stratified by gender and type of community.
Risk factors Male (n = 312) Female (n = 360) observed to be more prevalent in female participants, as compared to males, after adjusting for age. Participants were observed to have high rates of literacy and employment; rural residents were more likely than urban residents to work in the informal sector. The informal sector usually comprises of jobs mostly classified as "non-white collar" and involves activity that is more vigorous and requires less number of years of education, compared to jobs in the formal sector. The high rate of informal sector employment amongst the rural participants may therefore be due to the low level of education in this area. Occupational physical activity may contribute to the lower prevalence of cardio-metabolic risk factors in rural, compared to urban residents, as observed in this study. A study conducted in 2007 reported that residency per se does not contribute solely to the differences in cardio-metabolic risk factors observed between urban and rural areas in Guatemalan adults; rather, occupation is a more important factor [36] . Gregory and colleagues reported a similarly lower prevalence of cardio-metabolic risk factors amongst people with jobs that involved less sedentary lifestyles (rural) compared to those in the urban areas. Therefore, residency, education and occupation interact and may have implications on lifestyle factors, which affect the observed rate of cardio-metabolic risk factors amongst a population.
Many similar studies have shown strong evidence of associations between increasing urbanization and cardio-metabolic risk factors like high BMI, diabetes mellitus, or hypertension [3, [37] [38] [39] [40] . Theories propose that as areas adopt urban characteristics, energy consumption and expenditure patterns change through a rise in energy-rich diets and sedentary lifestyles [41, 42] . These changes in effect result in an increase in adiposity and thus an increase in cardiometabolic risks. A cross-sectional study in Cameroon similarly reported that urban living was associated with a higher fasting blood sugar, a higher BMI, and a higher blood pressure compared to rural residents with less than 2 years of exposure to urban environments [43] . The present study however could not determine the effect of time on the change in lifestyle and cardio-metabolic risk factors. The findings we report here are still important for public health as It is however noteworthy that along with the observed differences in prevalence of cardiometabolic risk factors, we recorded more females in the urban community and more males in the rural community. Furthermore, cardio-metabolic risk factors were observed to be more prevalent in female participants, Research in Ghana has shown that cardio-metabolic risk factors are more prevalent amongst women than in men [18, 19] . Amoah and colleagues found that at all ages, more females (32.9%) than males (12.0%) had BMI's within the 4th quartile (> or = 27.3 Kg/m2) [18] . Gregory et al., in a similar study showed that sedentary lifestyle is more common amongst women than in men [36] and this may have contributed to the observed higher prevalence of cardio-metabolic risk factors in the urban area. High class or urban females have also been shown to have higher BMI than females in lower class suburbs [18] . When stratified by gender, the differences in cardio-metabolic risk factors were seen in each strata. When adjusted for sex, the differences between urban and rural participants remained statistically significant. This suggests that the urban / rural differences observed are not driven by the prevalence of women in these settings, but by the interaction of both gender and setting.
Overweight and obesity are important risk factors for cardio-metabolic and diverse chronic medical conditions [5] [6] [7] , including hypertension [8] and dyslipidaemia [9, 10] . This is supported by our observed positive correlation between anthropometric variables, serum lipids (total cholesterol and LDL-c) and blood pressure in both areas studied.
The current study is however limited by its cross-sectional nature. As such, we were unable to determine the changes in lifestyle that occur over time in both urban and rural areas. The current study also did not take into account residential history of participants before recruitment. Percentage body fat calculation using BMI has not been validated in the African population. Furthermore, Deurenberg et al., [32] showed that BF% in obese subjects (BMI > 30 Kg/ m2) was slightly overestimated by the prediction formula used in the present study. This difference however became statistically significant only in obese subjects with a BMI 33 Kg/m2. In the present study however, median BMI for the total population, and for both areas were less than 30 Kg/m2 and the proportion of individuals with a BMI >30, was 36.2%. The addition of other anthropometric variables further improves findings from the present study.
Conclusion
Obesity and cardio-metabolic risk factors are prevalent amongst adults in both urban and rural communities in Ghana. These risk factors are more prevalent in urban residents and in women., There is an urgent need to avert the rise of diet and lifestyle related chronic diseases in Ghana as it undergoes increasing urbanization. It would be prudent for health workers to incorporate measures of adiposity into routine vital checks to enhance evaluation of health status of individuals.
